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The specific capsular polysaccharide of Type II pneumococcus (S II),  the 
principal determinant of pneumococcal Type II specificity (1), is now known 
to  be  made  up  of D-glucose  (2),  L-rhamnose,  and  D-glucuronic acid  0,  4). 
Part of the last is in the form of non-reducing end groups  (3). Although the 
immunological specificity to which  the Type H  pneumococcal antigen gives 
rise is thus a  complex one, it may be resolved into partial specificities, each 
characteristic of one of the three sugars of which S II is composed (5, 6). By 
means of quantitative experiments at 0°C. with several polysaccharides known 
to  contain non-reducing end groups  of glucuronic acid,  one-haft or more of 
the antibodies in the Type II antipneumococcal horse sera used was found to 
have  a  specificity directed sufficiently toward such groupings  to permit pre- 
cipitation to take place (5; cf. also reference 7). This study has been continued 
with  other  gums  containing  glucuronic acid  and  extended to  an  additional 
Type II  antiserum,  No.  513,  and  to  several  hemiceUuloses and  gums  con- 
taining  4-O-methylglucuronic acid.  The  results  are  described in  the  present 
paper. 
EXPEPIME.NTAL 
Materials end Method~.--S II was prepared by E. R. Squibb and Sons and further purified 
and supplied by Professor  E. A. Kabat  (4).  Corn fiber (8, 9)  and flax hemicelluloses  (10) 
were  kindly furnished by Professor  Fred Smith, and beech hemiceUulose  (11),  gum ghatti 
(12),  and  the  gums  of  karaya  (Codgospermum gossypbum) (13),  Khaya grandifolia (14), 
Brackychiton diversifolium (15), and Albizzia zygia (16) were  obtained through the courtesy 
of Professor Edmund L. Hirst. A sample of sapote gum (17) was secured through Dr. E. V. 
White, corn cob heteroglycan (18) was kindly sent by Professor  R. L. Whistler, and ketha 
gum (Feronia dephantum) (19) by Professor  S. Mukherjee of Kanpur. 
Quantitative estimationst of precipitated antibody nitrogen were carried out as in other 
papers (cf. reference  5), except that reaction mixtures were kept in a bath at 0°C. for 10 days 
to 2 weeks or more and the tubes were inverted for drainage in a cold box before the first and 
* Paper I, reference  5. 
:~ Carried out in part under a grant from the National Science  Foundation. 
1  The technical assistance of Mr. Check M. Soo Hoo in these analyses is gratefully ac- 
knowledged. 
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second washings (20). The quantities of antiserum used varied from 0.2  to  3.0  nil., de- 
pending upon the amount of precipitate. Reaction mixtures were  usually diluted to 1.5 or 2 
volumes with 0.9 per cent saline when necessary. All results were  recalculated to 1.0 ml. of 
antiserum. The data so obtained are given in Tables I and II. 
RESULTS  AND  DISCUSSION 
1.  Precipitation of Three Antipneumococcal Type II Antisera  by Gums Listed 
in Table I.-- 
(a)  Albizzia  zygia: The gum contains about 20 per cent of uronic acid com- 
prising  glucuronic acid  and  4-O-methylglucuronic acid  (16).  Many  of these 
residues must be in the form of non-reducing end groups, as the gum precipitates 
nearly as much antibody from sera 1054C and 513 as does gum arabic. 
(b)  Gum arabic: The values given for sera 930C and 1054C  are taken from 
reference 5 for comparison with new data with serum 513. It is evident that 
of the  three  sera,  513  shows  the  highest proportion of antibody capable  of 
precipitation with this gum, in which most of the D-giucuronic acid appears 
to be in the form of non-reducing end groups or penultimate residues carrying 
arabofuranose groups (23). 
As shown in the footnotes to the gum arabic column of serum 513, the super- 
natants,  after removal of additional precipitate on mixing and storing at 0 °, 
still gave nearly one-quarter to one-half as much precipitate with two different 
fractions of oyster glycogen as did the unabsorbed serum (21). This indicates 
that the 50 per cent of the antibody precipitable by the particular constellation 
of D-glucuronic acid end groups in the sample of gum arabic used also carried 
roughly 50  to  75  per  cent of the  groupings  reactive with glycogen (c/.  also 
reference 7 b). 
(c)  Acid-degraded gum arabic: Maximal values are  taken from reference 5 
for sera 930C  and  1054C.  Roughly three  times as much antibody was  pre- 
cipitated from serum 513 as from 1054C, just as with Albizzia. In the degraded 
gum, not only have L-arabofuranose residues been removed from many of the 
I>-galactose and D-glucuronic acid residues, giving these terminal positions, but 
some  of  the  major  chain linkages  have  also  been hydrolyzed, as  shown  in 
earlier work (5), reducing the molecular size and probably also the serological 
effect of the increased number of terminal D-glucuronic acid groups. Differences 
in the character of precipitation of Type II antisera by the native and degraded 
gums have already been fully discussed (5). In two of Marrack and Carpenter's 
sera (7 a) precipitation was roughly equivalent to that in 1054C. 
(d)  Brachychiton diversifolium (Stercutia caudata): On hydrolysis this acety- 
lated gum yields D-galactose, L-rhamnose, and I)-glucuronic acid in the ratio 
1:1:2,  and  is  highly branched,  with  the  D-glueuronlc acid  as non-reducing 
end groups (15). As expected from its structure, it proved to be the best cross- 
reactant yet found for the  1054C  and 513  sera, precipitating 50 and 80 per 
cent of their antibodies, respectively. It did not precipitate antisera to pneu- MICHAEL HEIDELBERGER  37 
mococcal Types III and VIII.  The specific  polysaccharide of Type III is a 
polycellobiuronic acid (24) and that of Type VIII contains cellobiuronic acid 
and additional residues of glucose and galactose (25). Both are linear, with no 
measurable branching. The antibodies precipitated by Brachychiton from both 
Type II antisera included a  large part of those reactive with gum arabic,  as 
shown in the footnotes. 
(e) Gum ghatti: This gum, which is a  mixture of a  major component and 
two minor ones, contains both terminally and internally linked ~glucuronic 
acid  (12).  At the maximum it precipitated 25  per cent of the antibodies in 
serum 513. 
(f) Karaya: On hydrolysis the gum yields equimolecular portions of galactose, 
galacturonic acid, and  rhamnose, together with a  ketohexose and acetic acid 
(13).  Since the rhamnose is not linked  1,3-,  and galactose and galacturonic 
acid are not present in S II, the small cross-reactivity of this gum may be due 
either to traces of impurities or to some unsuspected combination of causes.  ~ 
Precipitation of serum 513  with gum arabic  and glycogen removed all pre- 
cipitating antibodies for karaya. 
(g) Ketka  (Feronia  elephantum):  The  gum  consists  mainly  of  arabinose, 
D-galactose,  xylose, and glucuronic acid,  but its  structure has not yet been 
completely elucidated (19).  It precipitates serum 930C weakly and was not 
tested with  1054C.  The  amount of antibody thrown down from serum 513 
was about the same as that removed by gum ghatti. 
(h) Kkaya  grandifolia:  This  gum  has  a  considerably branched  structure 
and is composed mainly of D-galactose, L-rhamnose apparently linked 1,2,4-,D- 
galacturonic acid in  considerable quantity, and about  6  per  cent of x>-4-O- 
methylglucuronic acid if all of the methoxyl content is referable to this sub- 
stance  (14).  The methylglucuronic acid is  terminally linked at some of the 
branches. Since the rhamnose in S II is bound 1,3- (3) it is unlikely that Khaya 
precipitates serum 513 because of its rhamnose residues. As with the hemicellu- 
loses  discussed  below,  multiple  groupings  of  methylglucuronic acid  would 
appear to be implicated. Ten per cent of the antibodies present were precipi- 
tated. 
(i) Sapote:  This  substance  contains  glucuronic and  4-O-methylglucuronic 
acids (17).  The details of its fine structure have not been worked out. It is a 
weak precipitant of sera 930C and 1054C, but reacts more heavily with serum 
513 than do ghatti and ketha. 
2.  Precipitation o/ Antipneumococcal Type H  Sera by Hemicelluloses (Table 
I1).-- 
(a)  Beech hemicellulose A: According to  data in reference  11  every tenth 
2 Note  added  to  proof.--Dr.  G. O.  Aspinall states  that end  groups  of  glucuronic acid 
have been detected in the gum. 38  SPFCLFICITY  O1  ~'  TYPE  II  P1TEUMOCOCCUS. 13" 
TABLE II 
Cross Reactions of Beech, Corn Cob, Corn Fiber, and Flax Hemicdluloses in Type  I1 
Antipneumococcal Horse Sera 
Antibody nitrogen precipitated from 1.0 ml. at O°C. of 
Hemi- 
ceUu-  Serum 1054 C* anti-S  II N, 
lose  1061 #g.  Serum 513 anti-S II N, 3600 ~g. 
added 
Flax 
mg. 
0.05 
0.1 
0.15 
0.2 
0.25 
0.3 
0.4 
0.6 
0.75 
0.8 
1. 
1.2 
1.5 
2. 
2.5 
3. 
4. 
5. 
6. 
9. 
10. 
12. 
20. 
40. 
Serum 930 
C* anti-S II 
N, 1240 #g. 
Corn  Flax  fiber 
pg.  /.~g. 
92 
30 
93 
41 
39 
Beech Corn 
cob 
/~g.  /~g. 
8 
13  [ 19 
10  30 
6  36 
Corn 
fiber 
/~g. 
101 
121 
103 
Flax 
/~g. 
18 
27~ 
29,  39 
27 
Beech 
/~g. 
72 
101 
127 
123 
F 
Corn cob  Corn fiber 
/~g.  ~g. 
102 
1373§ 
~5U  145o§,  1644¶ 
666 
647,  619  1404"* 
466,  493  1227"* 
/~g. 
95 
173 
202 
340 
263 
377,  385:1::I 
327 
330 
,145 
246,  102 
359 
264,  284 
395 
* Absorbed with pneumococcal C substance.  Serum 513 contained practically no anti-C. 
Mean of 3 determinations in duplicate: 28, 21, 31. 
§ Combined supernstants  deposited 33 /~g. N  on longer standing, after which S II pre- 
cipitated 2343 #g. N; total 3771/~g. 
II  Mean of 3  determinations  in duplicate: 496,  365,  593.  Supematants,  combined with 
others except at 0.2  mg. level, gave 223/~g. N  with sapote at the 0.6 rag. level. 
¶ The supematant  gave only 72 #g. N  with degraded gum arabic at the 0.6 rag.  level 
(c]. Table I); the supematant from this gave 184, 138 gg. N with the E-amylase limit dextrin 
of oyster glycogen fraction Atb (22) at the 2, 4 rag.  levels, respectively. Unabsorbed serum 
gave 363 and 410 gg. N  at these levels (22). 
** The combined supernatants  deposited 26/~g. N  on longer standing, after which S II 
gave 2449 pg. more N; total, 3778 #g. 
~:$ Supematants not entirely clear even on prolonged centrifugation. MICHAEL  HEIDELBERGER  39 
1,4-1inked xylose residue of the main chain is substituted at position 2 by a 
single D-4-O-methylglucuronic acid residue in the pyranose form. It precipitates 
even less antibody from sera 1054C and 513 than does flax straw hemicellulose, 
which it resembles more closely than the other two more reactive hemicelluloses 
discussed in the next two paragraphs. 
(b)  Corn cob: The heteroglycan fraction of corn cob hemicellulose is made 
up  of L-arabinose,  D-galactose,  xylose, and  4-O-methylglucuronic acid  (18). 
It  gives weak precipitation in serum 1054C,  but  makes insoluble more  than 
one-sixth of the antibodies in serum 513. 
(c)  Corn fiber  (corn hull):  This apparently homogeneous, highly branched 
hemicellulose  (8,  9)  contains L-arabinose,  D-  and  L-galactose, D-xylose,  and 
terminal D-glucuronic  acid residues  directly linked  to  the main  1,4-xylopy- 
ranose chain at the 2-position of the xylose, as in many plant gums and hemi- 
celluloses.  The gum precipitates about 7 per cent of the antibodies in serum 
930C,  12 per cent of those in serum 1054C, and about 40 per cent of the anti- 
bodies in No. 513. It is roughly comparable to Albizzia in the last, but only one- 
half as potent in serum 1054C.  Corn fiber hemicellulose contains from 3 per 
cent (8) to 10 per cent (9) of uronic acid, while Albizzia has 20 per cent, made up 
of glucuronic and 4-O-methylglucuronic acids (16). 
(d)  Flax straw: The hemicellulose consists mainly of D-xylose, with a  small 
amount of 1,3-1inked rhamnose and about 10 per cent of uronic acid, most of 
which,  at  least,  is  4-O-methyl-~-glucuronic acid linked  to  the  2-position  of 
xylose (10).  Its reactivity in all three sera was relatively low, and, in serum 
513,  quite  irregular for some not readily apparent  reason.  Since  not much 
more than 10 per cent of the antibodies in this serum were precipitated, it is 
probable  that most of the reaction is due to  terminal 4-O-methylglucuronic 
acid  residues.  Its  greater  reactivity than  that  of  beech  hemicellulose A  is 
perhaps due to the presence of one acidic residue in eight, instead of one in ten, 
as in the beech product, together with the slight reinforcement (5, 6) that might 
be expected from the 1,3-1inked rhamnose residues also present. 
3.  General Consideratlons.- 
The data in Tables I  and II furnish many instances of differences in the 
character of antibodies engendered in three different horses by the same anti- 
gen, the type-specific capsular material of Type II pneumococcus. The main 
outlines of the structure of the immunological determinant of this antigen, the 
Type II specific polysaccharide, are known (3, 4), and while the fine structure 
has not yet been uniquely determined, it is certain that a part of its content 
of D-glucuronic  acid is in the form of terminal, non-reducing groups, possibly 
as individual side chains. The cross-reactions in Type II anfisera of natural 
plant gums and hemicelluloses which also contain multiples of this structural 40  SPECIFICITY  OF  TYPE  II  PNEUMOCOCCUS. II 
feature, or of end groups of 4-O-methylglucuronic acid, form the subject of 
the present paper. 
Although serum 930C  contains 20 per cent more precipitins for S II than 
does serum 1054C it is only one-half as reactive with gum arabic and its de- 
gradation  product.  The  differences  between Nos.  1054C  and  513  are  much 
greater even when full allowance is made for their divergent antibody contents, 
and  these  differences  have been explored with  a  larger  number  of polysac- 
charides.  One of them, Brackychiton,  is almost as efficient in serum 513 as the 
homologous S II, but it precipitates only one-half of the antibody in No. 1054C. 
The observed differences  would appear to be related both to the distribution 
in space of the terminal glucuronic  acid groups,  to the positions and configura- 
tions  of the sugars  immediately adjacent  to these groups,  to  the ease with 
which  such structures  can achieve complementarity with groupings  on anti- 
body globulin molecules capable of combining readily with analogous portions 
of the molecule of S II itself,  and to appreciable differences in the steric con- 
formations of the reactive antibody groupings (cf., for example reference 26). 
Among the acid-degraded plant gums studied for their  cross-reactivity in 
Type II antipneumococcal sera by Marrack and Carpenter (7 a) was mesquite 
gum, in which glucuronic acid is not a component, but 4-O-methylglucuronic 
acid occurs instead as terminal,  non-reducing  groups (27,  28).  The gum pre- 
cipitated  as much antibody as did degraded gum arabic.  Of the  three  sub- 
stances tested in the present study in which 4-O-methylglucuronic  acid was 
the only acid with the glucuronic configuration,  beech hemiceUulose precipitated 
very little  antibody,  while  flax  straw  hemiceUulose  and  Kkaya  grandifolia 
gum made insoluble  about 10 per cent of the antibodies in serum 513  (Tables 
I and II).  a In other respects, also, the present series of antisera varied far more 
in their cross-reactivities  than did the three sera employed by Marrack and 
Carpenter.  Subsequent to their work,  the methylglucuronic acid in mesquite 
gum was shown to be the 4-OMe derivative (27, 28) although  the alternative 
presence  of non-methylated glucuronic  acid end groups might  more easily be 
inferred  from references  28 a  and  b  (but not from reference  28  c)  and  has 
actually been so interpreted in a recent reference work (29). 
SUMMARY 
Quantitative data are given on the cross reactions in Type II antipneumo- 
coccal horse sera of plant gums and hemicelluloses containing multiple terminal 
groupings  of glucuronic  acid and/or 4-O-methylglucuronic acid. 
Great variability is shown both in the reactivities of the polysaccharides and 
in  the antibodies in  the sera of different animals  immunized  with  the same 
antigen. 
3  Note added to proof.--Incomplete  studies with undegraded mesquite gum indicate pre- 
cipitation of about 25 per cent of the antibodies in serum 513. MICHAEL HEIDELBERGER  41 
The 4-O-methyl substituent on the glucuronic acid residues in a gum often 
appears to diminish cross-precipitation with antibodies to S II. 
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